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Background: Dentin caries involves dissolution of minerals which eventually leads to degradation of organic ma-
trix. This degradation which was thought to be by bacterial proteases is now considered to be orchestrated by en-
dogenous collagenases such as Matrix Metalloproteinases (MMPs). This paper aims to estimate the salivary levels 
of MMP-8 in dental caries and also to asses the various risk factors that contribute to the formation of dental caries.
Material and Methods: A random sample of 75 adults aged 18-35 were included and categorized based on the num-
ber of caries lesions (MCL). Standard clinical examinations were performed, and stimulated saliva was collected 
and analyzed for concentrations of MMP-8 using enzyme-linked immunosorbent assay. Caries risk factors were 
assessed using a chair-side kit. Correlation of MMP-8 in varying MCL using Spearman’s correlation was done. 
Multiple linear regression analysis was done to asses the relationship between various caries risk factors with 
MMP-8 and MCL as dependent variable.
Results: The study results showed a statistically significant higher concentration of MMP-8 in carious group (MCL 
1-2) and MCL ≥3 compared to non-carious group. On correlating, the levels of MMP-8 were seen to be higher in 
MCL ≥3 than in MCL = 0 and MCL 1-2. The mean MMP-8 of controls, MCL 1-2, and MCL ≥3 were 131.34ng/
ml, 230.14ng/ml, and 391.91ng/ml respectively. Multiple linear regression analysis with MMP-8 as the dependent 
variable revealed caries, buffer capacity and S. mutans count as significant variables. Using MCL as the dependent 
variable the only significant variable was MMP-8 levels. 
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Introduction
Dental caries (DC) is one of the most common chronic 
oral disease that is recognized as the primary cause of 
pain and tooth loss. DC is a progressive and irreversi-
ble disorder with a multifactorial etiology that requires 
a cariogenic bacteria to act on a suitable substrate (1). It 
is a world wide-health problem affecting both primary 
and permanent dentition with increasing incidence, pre-
valence and high costs of treatment consuming about 
5–15% of health care budgets (2). 
It is estimated that an average of 2.43 billion people are 
affected by caries and is the principal oral health con-
cern which hinders the achievement and maintenance 
of oral health across all age groups (1). Inspite of in-
creasing knowledge about the etiology and pathogenesis 
of the disease, it is still responsible for high morbidity 
rates and is associated with decreased quality of life. Re-
cent statistics from the 2015 “Global Burden of Disease 
Study” showed that dental caries is the the most preva-
lent condition giving it a distinction of ranking first for 
decay of permanent teeth and 12th for deciduous teeth 
(2,3).
Dental caries is a post-eruptive irreversible microbial di-
sorder characterized by progressive demineralization of 
inorganic substance by the action of acids produced from 
fermentation of dietary carbohydrates. This hard tissue 
loss that occurs in dentin is due to dissolution of dentinal 
minerals that eventually leads to degradation of the colla-
genous organic matrix. However, the precise mechanism 
behind collagen matrix degradation is obscure and over 
the years microbial proteolytic enzymes were believed 
to be responsible for degradation of dentin organic ma-
trix. However, this concept has been challenged as there 
is substantial evidence to prove that the oral microbiome 
does not possess the proteolytic competency to bring 
about degradation of intact collagen (4). 
As early as 1983, Dayan et al. demonstrated endogenous 
collagenolytic activity orchestrated by proteases in ca-
rious dentin, however this concept was ignored owing 
to limited knowledge of proteases (5). With increasing 
insight of these proteases over the years, it is now con-
sidered that degradation of dentin occurs as a result of 
endogenous proteases that are present in the dentin and 
has paved way for a new concept in the field of caries 
research termed as “Dentin Degradonomics”. Degrado-
nomics is a process of genomic and proteomic approach 
to identify, proteases and its substrates in both physiolo-
gical and pathological conditions (6,7).
Conclusions: The study suggests that subjects with caries have elevated MMP-8 levels compared with subjects with 
no carious lesions. There is also a positive correlation between the number of carious lesions and MMP-8 levels sug-
gesting that MMP-8 plays an important role in the degradation of dentin and causes progression of caries.
Key words: Caries, Dentin, Enzyme-linked Immunosorbent Assay, MMP-8.
Recent data have suggested the role of endogenous Ma-
trix Metalloproteinases (MMPs) in the process of dentin 
destruction following demineralization by the acid at-
tack initiated by bacteria. MMPs are a family of Calcium 
and Zinc dependent enzymes, which have become bio-
logically important because of their ability to practically 
degrade all extracellular matrix components. It is propo-
sed that these MMPs are a product of odontoblasts and 
are involved in the formation of dentin. Once collagen 
matrix mineralization occurs, these MMPs remain entra-
pped in the calcified matrix as inactive proforms and are 
re-exposed and potentially activated by an acidic am-
biance created by bacterial acids and ultimately cleave 
the matrix components resulting in degradation of den-
tin. Hence, pH changes characteristic of carious lesions 
act as potent MMP activators (8). Of the various MMPs 
studied, MMP-8 is considered to be the major collage-
nolytic enzyme in dentin and is found predominantly in 
the outer portions of the dentin compared to the deeper 
portions (9). Combined with its relative high presence in 
outer portions of carious dentin and its efficient catalytic 
capability to digest type I collagen, MMP-8 is conside-
red to play a pivotal role in dentin matrix degradation.
Over the last few years, MMPs have also gained impor-
tance and have made giant strides in the field of restora-
tive dentistry. Ever since the foundation laid by Buono-
core in 1955 in the field of dental adhesives, the hybrid 
layer always remained the weakest link in maintaining 
adequate bond strength (10). Despite all the improve-
ments in adhesive systems it always remained a poten-
tial challenge, until recently it was proposed that MMPs 
are key mediators for maintaining adequate bond streng-
th. It was postulated that when the dentinal endogenous 
MMPs are exposed and reactivated by the etching pro-
cess, it leads to degradation of the type I collagen fibrils 
and in turn influences the bond strength (11).
Caries is regarded as a multifactorial disease wherein it 
is influenced by a variety of environmental, behavioural 
and biological factors, which, if present, frankly will in-
crease the chance of disease occurrence. These factors 
are most commonly referred to as “caries risk factors” 
and these factors are a part of the pivotal chain, or they 
can also expose the host to the causal chain. Thus caries 
risk assessment is the first phase in management of den-
tal caries and the level of risk should be assessed and 
used to determine the need for therapeutic intervention 
and is an important part of treatment planning.
Considering the above facts and the lack of clinical data 
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regarding the role of proteolytic enzymes in dentinal 
caries progression, this study aims at evaluating one of 
the promising proteolytic enzymes, MMP-8 to better un-
derstand the pathogenesis behind dentin degradation and 
also to assess the relationship of various caries risk fac-
tors (salivary secretion rate, pH of saliva, Buffering ca-
pacity and Streptococcus mutans count) for better thera-
peutic intervention and appropriate treatment planning.
Material and Methods
A prospective case control study was conducted in SRM 
Dental College, Ramapuram, Chennai. During the pe-
riod of 2017 January to 2018 February, patients attending 
the outpatient department were recruited after obtaining 
ethical clearance (SRMDC/IRB/2016/MDS/No.601) and 
verbal and written consent. Saliva samples are collected 
from a total of 75 subjects with age range of 18 to 35 
years, out of which the control group (No caries - Group 
I) comprised of 25 subjects and the study group (Caries 
Group - Group II) had a total of 50 subjects, which were 
further categorized based on the number of caries lesions 
referred to as Manifest Caries Lesions (MCL) into Group 
IIa (MCL 1-2) consisting of 25 subjects and Group IIb 
((MCL ≥ 3)) consisting of 25 subjects.
-Study Groups
Group I- Control Group (No caries) - 25
Group II- Caries Group (caries involving dentin) - 50
Group IIa (MCL 1-2): 25 (Caries not involving more 
than 2 teeth)
Group IIb (MCL ≥ 3): 25 (Caries involving more than 
3 teeth)
-Clinical Examination
A thorough standard clinical examination was perfor-
med, as well as radiographic examination including di-
gital bitewing and panoramic radiography and subjects 
were allotted in the appropriate group. Complete clinical 
examination and saliva sampling was done for all pa-
tients and were analysed for the following:
• Decayed Missing Filled Surface (DMFS) and Oral Hy-
giene Index-Simplified (OHI-S) index of all subjects
• Saliva flow rate, pH of saliva and Buffering capacity of 
saliva using Saliva Check Buffer Kit - GC©
• Streptococcus mutans count by culture method using 
Mitis Salivarius Bacitracin Agar (MSB)
• Concentration MMP-8 in saliva of all the groups using 
ELISA
-Saliva sampling and chair-side analysis 
Stimulated saliva was collected after chewing on the 
paraffin wax for 5 minutes. After 1 minute patient ex-
pectorated all the saliva into a graduated tube and the se-
cretion rate was determined and expressed as milliliter/
minute. Salivary buffer capacity and pH of saliva were 
determined with Saliva Check Buffer Kit-GC©. Chair 
side kit was obtained from GC Asia and handled accor-
ding to the manufacturers instructions. Each individual 
was again asked to expectorate the saliva into the con-
tainer at the end of 5 minutes. Samples were centrifuged 
at 2500 rpm for 15 min at 40c and the supernatant sepa-
rated into 1 ml aliquots and stored at –800c for further 
analysis.
-Streptococcus mutans count
Mitis Salivarius Bacitracin Agar (MSB) was used for the 
selective isolation of streptococcus mutants (SM). Sali-
vary samples were diluted in 0.05 M phosphate buffer 
(pH 7) to dilutions of 10-2 and 10-3 and agitated for 30 
seconds and were inoculated onto the medium. Cultu-
res were grown under suitable environment of 5% car-
bon dioxide and 95% nitrogen and was incubated for 18 
hours. Ten-fold dilutions were made in 9 ml phosphate 
buffer at a pH of 7.2. Duplicate samples were plated as 
1 in 10 (1/10), 1 in 100 (1/100) and 1 in 1000 (1/1000) 
dilutions and spread on the surface of the medium using 
surface plating method. The plates were allowed to cool 
at room temperature for 24 hours and cultural charac-
teristics were observed after incubation at 35-370C for 
18-48 hours. SM colonies were recognized on the MSB 
agar plate by their morphology, appearing creamy white 
in colour, round/spherical/raised, ranged from pinpoint 
to pin head size with a rough surface. A Digital Colony 
Counter was used to examine the plates and count the 
colonies formed and expressed as x105 cfu/ml.
-Estimation of MMP-8 concentration
Quantification of salivary MMP-8 was done by commer-
cially available ELISA kit (Bioassay Technology) which 
is based on Biotin antibody sandwich technology. The 
assay was carried out according to the manufacturer’s 
instructions. Briefly, to the precoated MMP-8 antibody 
microplate, standards and samples were added, incuba-
ted and washed with buffer. To the washed microtiter 
plate detection antibody bound with HRP conjugate was 
added. The unbound antibody was washed and a chro-
mogen substrate was added to the wells resulting in the 
progressive development of a blue coloured complex 
with the conjugate. The reaction was then stopped by 
the addition of stop solution turning the resultant final 
product yellow. The intensity of colour developed is 
proportional to the MMP-8 present in the sample which 
was measured in a microplate reader at a wavelength of 
450nm. The optical density obtained was then used for 
calculation of MMP-8 present in each sample. 
-Statistical analysis
The data collected was entered into Microsoft excel 
spreadsheet. Statistical analysis of the data obtained was 
done using SPSS software (version 22). Descriptive sta-
tistics such as mean and standard deviations (SD) for all 
parameters were calculated for individual groups. Stu-
dent’s t-Test was used to statistically analyze the level of 
significance between each group and for analysis within 
groups one-way ANOVA was applied. Spearman’s co-
rrelation analysis was applied to analyze the correlation 
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between salivary MMP-8 levels and dental caries. Li-
near regression analysis was done to assess the perusal 
of relationships between the variables. A p-value of less 
than 0.05 was considered to be statistically significant.
Results
The mean values showed a statistically significant di-
fference (p<0.05) in the salivary MMP-8 in subjects 
with caries compared with subjects without caries and 
the mean salivary levels of MMP-8 in controls was 
131.34ng/ml, while the concentration of MMP-8 in 
MCL1-2 and MCL≥3 were 230.14 and 391.91ng/ml 
respectively (Table 1). Also there was a strong positive 
correlation between MMP-8 and MCL (Table 2). Caries 
risk assessment parameters were done and the differen-
ces between the MCL groups were statistically signifi-
cant for all the predictive variables (Tables 1,3). 
To determine the impact of the various variables on the 
MCL score a multiple linear regression analysis was 
performed (Table 4) with MMP-8 (R2 = 0.785) as the 
dependent variable, the statistically significant predic-
tor variables were MCL, Salivary buffer capacity and 
Salivary mutans count. Using MCL (R2 = 0.845) as 
the dependent variable the predictor variables MMP-8, 
DMF-S and OHI-S were statistically significant.
MCL 0 MCL 1-2 MCL ≥ 3
Sample Size (n) 25 25 25
Age Range 20 – 30 19 - 35 18 - 35
Sex Male 10 13 12







MMP-8 131.34 ± 65.23 230.14 ± 82.42 391.91 ± 124.08
DMFS 6 ± 2.70 6.72 ± 4.14 14.92 ± 3.55
OHI-S 0.91 ± 0.57 2.18 ± 0.59 4.16 ± 1.03
Saliva Flow Rate (ml/min) 1.62 ± 0.37 1.68 ± 0.32 1.26 ± 0.31
pH 6.89 ± 0.62 6.43 ± 0.95 5.96 ± 0.57
Buffer Capacity 9.84 ± 1.99 8.12 ± 2.29 4.84 ± 1.84
S. mutans count (x105cfu/ml) 0.96 ± 0.23 1.28 ± 0.37 1.52 ± 1.20
Table 1: Descriptive statistics for salivary MMP-8* and all predictable variables by MCL* in caries and control group.
*MMP-8 - Matrix metalloproteinase – 8
*MCL- Manifest caries lesion (Number of Carious lesions)
DMFS – Decayed Missing Filled Surface
OHI-S – Oral Hygiene Index - Simplified
Discussion
Being one of the most common chronic disease, Den-
tal Caries culminates as an irreversible localized loss of 
mineralized structures with subsequent dissolution of 
the organic content of the tooth (12). During this initial 
demineralization phase, the hydroxyapatite crystals are 
dissolved by the acids generated by bacteria and the acid 
diffuses into the calcified tissues when there is a local 
drop in the pH, leading to further dissolution of crystals 
(4). In dentin, this degradation of collagen matrix was 
long speculated to be the role-played by bacterial pro-
teases (13).  
However, it is now shown that cariogenic bacteria do not 
possess the repertoire to degrade dentin matrix after ini-
tial demineralization. Since there was a lack of evidence 
for a bacterial role in the degradation of matrix collagen 
in carious dentin, researchers believe it to be orchestra-
ted mainly by a family of host-derived endogenous pro-
teases called as matrix metalloproteinases (MMPs) (14). 
The MMPs present in dentin are thought to play a role 
in dentinogenesis and are produced by the odontoblasts 
during secretion of dentin matrix. Once collagen matrix 
mineralization occurs, the MMPs remain entrapped wi-
thin the calcified matrix as inactive forms,  only later 
to be unmasked and switched on during a caries attack 







MCL 0 Vs MCL 1-2 4.700 .000022 Significant
MCL 0 Vs MCL ≥ 3 9.293 P<0.0001 Significant







F score p Value Significance







R score p value Significance
MCL vs MMP-8
(MCL – all groups)
0.830 <0.0001 Significant
Table 2: Comparison and Correlation MMP-8 between groups.
*MMP-8 - Matrix metalloproteinase - 8
Variable Mean & SD F-score p-value Significance
MCL0 MCL 1-2 MCL ≥ 3
MMP-8 131.34 ± 65.23 230.14 ± 82.42 391.91 ± 124.08 430.09 <0.00001 Significant
DMFS 6 ± 2.70 6.72 ± 4.14 14.92 ± 3.55 113.91 <0.00001 Significant
OHI-S 0.91 ± 0.57 2.18 ± 0.59 4.16 ± 1.03 49.07 <0.00001 Significant
Saliva 
Flow rate
1.62 ± 0.37 1.68 ± 0.32 1.26 ± 0.31 49.49 <0.00001 Significant
pH 6.89 ± 0.62 6.43 ± 0.95 5.96 ± 0.57 9.90 0.00015 Significant
Salivary 
Buffer
9.84 ± 1.99 8.12 ± 2.29 4.84 ± 1.84 10.21 0.00012 Significant
SM Count 0.96 ± 0.23 1.28 ± 0.37 1.52 ± 1.20 38.28 <0.00001 Significant
Table 3: Statistical Analysis of predictable variables based on MCL.
*MCL- Manifest caries lesion (Number of Carious lesions)
DMFS – Decayed Missing Filled Surface
OHI-S – Oral Hygiene Index - Simplified
Values are presented as mean ± SD. p determined by one-way ANOVA.
in the dentin. This triggering of endogenous MMPs are 
promoted by the acidic environment created by the bac-
teria. Although the pH-activated MMPs are stable in an 
acidic environment, they function best at neutral pH, 
which is brought about by the buffering systems of the 
saliva, thus enabling the energized MMPs to break down 
organic matrix components (15).
An array of MMPs have been shown to be actively ope-
rating in the course of carious process including MMP-
2,8,9,20. However, it is shown that MMP-8 operates as 
a true collagenase and is most efficient in hydrolyzing 
type I collagen (16). Even though, dentinal fluid serves 
as a primary source of MMPs in caries, it is also possible 
that saliva could be an additional contributor to these 
proteases aiding in the matrix degradation process (15). 
Several MMPs are reported in saliva apparently derived 
from salivary glands and gingival crevicular fluid out 
of which MMP-8 and MMP-9 are hypothesized as the 
abundant and predominant proteases in dentin caries es-
pecially in the outer layers of caries compared with the 
deep caries layer (16,17).
Collectively, the above findings suggest saliva as an impor-
tant contributor of these proteolytic enzymes and it is logi-
cal to hypothesize that salivary MMPs come in proximity 
with dentin during a caries attack and contributes to the 
carious process in dentin by collagen matrix degradation.
































































































































































































































































































































































































































































Although current literature suggests that salivary MMPs 
play an important role in the degradation process, it is 
not without their limitations. One of the important draw-
back is that most of these studies are carried out in vitro 
and extrapolating these results would not be a true indi-
cator of its role in a clinical setting, as dental caries is a 
disorder of multifactorial etiology. Hence, to throw more 
light on the role played by salivary MMPs, this study 
was conducted with a primary objective of estimating 
and correlating the salivary levels of MMP-8 and dental 
caries. Also, known caries risk factors such as salivary 
flow rate, pH, buffering ability of saliva and streptococ-
cus mutans count were also investigated. 
-MMP-8 estimation and correlation 
The study results showed increased concentration of 
salivary MMP-8 in subjects with caries compared with 
subjects without caries irrespective of age and gender. 
The mean salivary levels of MMP-8 in controls was 
131.34ng/ml, while the concentration of MMP-8 in 
MCL1-2 and MCL≥3 were 230.14 and 391.91ng/ml res-
pectively.
The results also indicate that there was a steady and pro-
gressive increase (2 to 3 fold) in the salivary levels of 
MMP-8 from subjects with no caries to subjects with 
few or many caries lesions and it was found to be statis-
tically significant. Subsequently, to find out if there was 
any correlation between caries and salivary MMP-8 le-
vels, correlation analysis was done and a strong positive 
correlation was observed. 
The results were in accordance with Hedenbjörk-Lager 
et al. who showed similar elevated levels of salivary 
MMP-8 level in subjects with caries in comparison with 
no caries subjects. Furthermore, they also demonstrated 
an elevated MMP-8/TIMP-1 ratio, suggesting an imba-
lance between the enzyme and its inhibitor (6).
Gursoy et al. showed a similar elevated MMP8/TIMP-
1 ratio in periodontal disease and suggested that the 
amount of tissue destruction is an after effect of the im-
balance between the enzyme and its inhibitor, and this 
enzyme-inhibitor ratio can be utilized as a measure of 
proteolytic activity (18).
Studies to evaluate the in vivo activity of MMP in de-
mineralized dentin are lacking and most are confined to 
measure MMP activity after treating dentin with self-et-
ching adhesives which causes demineralization of den-
tin. This scenario may be comparable with the one oc-
curring after demineralization during a carious attack.
Mazzoni et al. demonstrated a significant increase in 
MMP activity in partially demineralized dentin with 
phosphoric acid and their findings supported the role of 
endogenous MMPs in the degradation of hybrid layers 
(8). 
Nishitani et al. indicated a 10-fold hike in gelatinolytic 
activity of mineralized dentin powder after application 
of self-etching adhesivs and suggested that a mild attack 
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may activate dormant MMP and exacerbate the activity 
of MMP to maximum level thereby leading to degrada-
tion of dentin (19).
Shimada et al. using a novel gold colloidal labelling 
method investigated the localization of different MMPs-
2,8,9&20 in normal and carious dentin. It was suggested 
that MMP-2 was scattered both in carious and normal 
dentin and its level did not show any difference among 
the normal dentin, outer and inner caries. However, the 
labelling indexes of both MMP-8 and MMP-9 showed a 
significant intensity at the outer caries region compared 
with that of inner caries and normal dentin (9).
These findings supported by our study results suggest 
the notion that saliva derived MMPs particularly MMP-
8 may be more influential and vital than those from den-
tin for degradation of outer caries organic matrix.
-Assessment of caries risk factors 
The paradigm shift in the current understanding of the 
dynamic, multifactorial nature of dental caries and the 
resultant change in caries preventive and treatment stra-
tegies necessitates that caries risk assessment should be 
an integral part of any caries management protocol and 
hence becomes a vital element in the comprehensive 
management of dental caries. 
Currently, caries risk assessment models comprise of “the 
risk model and the prediction model”. The risk model as-
sess the causative factors referred to as the risk factors, but 
cannot predict the outcome whereas the prediction model 
estimates the risk of caries progression in the future. 
Considering the importance of risk factor assessment, 
various risk factors were assessed including past caries 
experience, oral hygiene index (simplified), streptococ-
cus mutans count, salivary flow rate, pH and buffering 
capacity of saliva.
Noticeable differences were found for all the individual 
risk factor variables between the groups of varying MCL 
and these differences were statistically significant. Al-
though, significant when assessed individually, a regres-
sion model analysis was performed to assess the influen-
ce of the various variables.
With MCL as dependent variable and all other parame-
ters as predictor variables, the only significant predic-
tor variables were MMP-8 (p = .001) and OHI-S (p = 
.004). Similarly, with MMP-8 as dependent variable, the 
predictor variables MCL (p = .000), salivary buffer (p = 
.001) and streptococcus mutans count (p = .002) were 
statistically significant.
Collectively, the observed findings strongly suggest that 
salivary MMP-8 levels are elevated in subjects with ca-
ries in comparison with no caries. Also, estimation of 
such proteases can in future be a part of the caries risk 
assessment models and provide a guide to estimate the 
progression of caries.
However, this study is not without its own limitations. Al-
though, elevated MMP-8 levels were present in the caries 
disease process, it is impossible to establish a cause-effect 
relationship. Despite our sincere efforts to strictly adhere 
to the inclusion and exclusion criteria, there could have 
been some form of gingival inflammation associated with 
proximal carious lesions. Hence, the estimated salivary 
MMP-8 could have originated from gingival crevicular 
fluid or from the carious lesion itself.
Conclusions
The study results strongly suggest that subjects with ca-
ries have significantly elevated MMP-8 levels in compa-
rison with subjects without caries. Also, caries correla-
ted strongly with salivary levels of MMP-8 suggesting 
the potential role of MMPs in the progression of dental 
caries. Although, salivary MMP-8 levels were elevated, 
a true cause-effect relationship is difficult to establish 
as the MMPs itself could have originated from gingival 
crevicular fluid or from the carious lesions themselves. 
Therefore, further research needs to be carried out to es-
tablish a true cause-effect relationship between salivary 
MMP-8 and caries.
If the causal role of MMPs in dentin degradation is es-
tablished, it could have huge implications in the field of 
dentistry including ; In Preventive Dentistry, MMP inhi-
bitors could provide a therapeutic role in controlling or 
limiting the progression of caries in dentin. In Restorati-
ve Dentistry, traditional dentin adhesives lose their bond 
strength regardless of the bonding system used due to 
degradation of the dentin matrix with subsequent loss 
of mechanical properties of dentin leading to bonding 
failure. Hence, preservation of dentin collagen matrix 
becomes a prime issue in improving the dentin bonding 
durability. Hence, better understanding of the degrada-
tion of dentin matrix holds the future for designing an 
ideal dentin adhesive. 
References
1. Frencken JE, Sharma P, Stenhouse L, Green D, Laverty D, Dietrich 
T. Global epidemiology of dental caries and severe periodontitis - a 
comprehensive review. J Clin Periodontol. 2017;44:S94-105.
2. GBD 2015 Disease and Injury Incidence and Prevalence Collabo-
rators. Global, regional, and national incidence, prevalence, and years 
lived with disability for 310 diseases and injuries, 1990-2015: a syste-
matic analysis for the Global Burden of Disease Study 2015. Lancet. 
2016;388:1545-602.
3. Costa SM, Martins CC, Bonfim ML, Zina LG, Paiva SM, Pordeus 
IA, et al. A Systematic Review of Socioeconomic Indicators and Den-
tal Caries in Adults. Int J Environ Res Public Health. 2012;9:3540-74.
4. Van Strijp AJ, Van Steenbergen TJ, Ten Cate JM. Bacterial coloni-
zation of mineralized and completely demineralized dentine in situ. 
Caries Res. 1997;31:349-55.
5. Dayan D, Binderman I, Mechanic GL. A preliminary study of acti-
vation of collagenase in carious human dentine matrix. Arch Oral Biol. 
1983;28:185-7.
6. Hedenbjörk-Lager A, Bjørndald L, Gustafsson A, Timo Sorsae T, 
Tjäderhane L, Åkerman S, et al. Caries Correlates Strongly with Sali-
vary Levels of Matrix Metalloproteinase-8. Caries Res. 2015;49:1-8. 
7. Tjäderhanea L, Buzalaf MA, Carrilhod M, Chaussaine C. Matrix 
Metalloproteinases and Other Matrix Proteinases in Relation to Cario-
logy: The Era of ‘Dentin Degradomics’. Caries Res. 2015;49:193-208.
J Clin Exp Dent. 2020;12(2):e108-15.                                                                                                                                                                                                     Salivary MMP-8 in dentin caries
e115
8. Mazzoni A, Tjäderhane L, Checchi V, Di Lenarda R, Salo T, Tay FR, 
et al. Role of Dentin MMPs in Caries Progression and Bond Stability. 
J Dent Res. 2015;94:241-51.
9. Shimada Y, Ichinose S, Burrow MF, Tagami J. Localization of Ma-
trix Metalloproteinases (MMPs-2, 8, 9 and 20) in Normal and Carious 
Dentin. Aust Dent J. 2009;54:347-54.
10. Zheng P, Chen H. Evaluate the effect of different MMP inhibitors 
on adhesive physical properties of dental adhesives, bond strength and 
MMP substrate activity. Sci Rep. 2017;7:4975.
11. Jacobsen JA, Fullagar JL, Miller MT, Cohen SM. Identifying 
Chelators for Metalloprotein Inhibitors Using a Fragment-Based 
Approach. J Med Chem. 2011;54:591-602.
12. Petersen PE, Bourgeois D, Ogawa H, Estupinan-Day S, Ndiaye 
C. The global burden of disease and risks to oral health. Bull World 
Health Organ. 2005;83:661-9.
13. Hannas AR, Pereira JC, Granjeiro JM, Tjaderhane L. The role 
of matrix metalloproteinases in the oral environment. Acta Odontol 
Scand. 2007;65:1-13.
14. Palosaari H, Pennington CJ, Larmas M, Edwards DR, Tjäderhane 
L, Salo T. Expression profile of matrix metalloproteinases (MMPs) 
and tissue inhibitors of MMPs in mature human odontoblasts and pulp 
tissue. Eur J Oral Sci. 2003;111:117-27.
15. Chaussain C, Boukpessi T, Khaddam M, Tjaderhane L, George A, 
Menashi S. Dentin matrix degradation by host matrix metalloprotei-
nases: inhibition and clinical perspectives toward regeneration. Front 
Physiol. 2013;4:308.
16. Van Strijp AJ, Jansen DC, Degroot J, TenCate JM, Everts V. 
Host-derived proteinases and degradation of dentine collagen in situ. 
Caries Res. 2003;37:58-65.
17. Tjäderhane L, Larjava H, Sorsa T, Uitto VJ, Larmas M, Salo T. 
The activation and function of host matrix metalloproteinases in dentin 
matrix breakdown in caries lesions. J Dent Res. 1998;77:1622-9.
18. Gursoy UK, Könönen E, Pradhan-Palikhe P, Tervahartiala T, 
Pussinen PJ, Suominen-Taipale L, et al. Salivary MMP-8, TIMP-1, 
and ICTP as markers of advanced periodontitis. J Clin Periodontol 
2010;37:487-93.
19. Nishitani Y, Yoshiyama M, Wadgaonkar B, Breschi L, Mannello 
F, Mazzoni A, et al. Activation of gelatinolytic/collagenolytic activity 
in dentin by self-etching adhesives. Eur J Oral Sci 2006;114:160-6.
Conflict of interest
The authors have declared that no conflict of interest exist.
